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South Dakota farmers are usmg 240,000 tons, or 
about seven times as much fertilizer today as they 
were 10 years ago. About one-half of the fertilizer 
used in South Dakota is used for corn production, yet 
it is estimated that we could profitably use at least 
three to four times this amount of fertilizer on corn 
alone. 
PLANT NUTRIENTS FOR CORN 
The soil must be able to supply approximately 1.5 
pounds of nitrogen, 0.5 pounds of phosphate (P:D 5) 
and 1.2 pounds of potash (K::!O) to produce a bushel 
of corn. If the organic and mineral portions of soil 
cannot supply adequate amounts of N-P-K and other 
essential nutrients required by yields potentially pos-
sible under existing climate and management, then 
supplemental sources of these nutrients must be pro-
vided in the form of fertilizer. N, P, K and occasion-
ally zinc, are the fertilizer nutrients most commonly 
applied for corn production in South Dakota. 
Research to date indicates gaseous, liquid, or dry 
forms of fertilizer nutients are about equally effec-
tive, pound for pound of plant food. Thus economics 
of plant food costs, convenience, and application 
equipment needed become the determining factors 
as to which fertilizer to use. 
Nitrogen 
South Dakota soils have large quantities of nitro-
gen stored as organic matter (2,000-5,000 pounds of 
total N per acre in the plow layer). If it were readily 
available to plants, no nitrogen fertilizer would be 
needed. However, release of soil nitrogen is slow, usu-
ally it becomes available to plants at the rate of only 
1 to 2% of the total per year. This is seldom enough 
to meet the nutrient needs of crops such as corn, thus, 
additio,nal nitrogen should be added. 
A soil test for organic matter is a good guide for 
estimating the amount of nitrogen released and de-
ciding how much nitrogen to use. But a soil test is 
not the whole answer; previous cropping, manage-
ment and tillage practices must also be considered. 
Corn plants take up most of their nitrogen needs in 
the nitrate form. They can utilize other forms, such 
as ammonium nitrogen. Ammonium nitrogen, how-
ever, does not remain unchanged in soil very long. It 
usually is transformed into nitrate nitrogen. For a 
more detailed discussion of nitrogen fertilizer, see 
Fact Sheet No. 250 entitled "Fertilizer Facts." 
Note: Nitrogen deficiency in young corn plants 
is characterized by stunted, spindly growth with light 
green foliage. In older plants nitrogen will move out 
of the lower, older leaves into growing parts. The 
tips of older leaves will yellow and the yellowing will 
follow up the midrib in a typical V shaped pattern. 
The leaf eventually may die. 
Nitrogen deficiency should not be confused with 
lack of moisture, which affects the upper as well as 
the lower leaves. 
Phosphorus 
Soil phosphorus can be divided into two forms, in-
organic and organic. Surface soil phosphorus ranges 
from 97% inorganic and 3% organic phosphorus to 
25% inorganic and 75% organic phosphorus. Total 
soil phosphorus in South Dakota soils ranges between 
1,000 and 2,000 pounds per acre in the plowed layer. 
Most of the inorganic phosphorus in the soil is in 
a form unavailable to plants. Only a small quantity of 
phosphorus, usually less than .25 part per million (½ 
lb./acre), is present in the soil solution at any one time. 
This phosphorus in the soil solution must be replen-
ished from 100 to 500 times during the growing sea-
son to furnish adequate phosphorus for plant growth. 
Organic phosphorus in soil is a part of the organic 
matter and is released for plant use when organic 
matter is decomposed. This mineralization of organic 
matter and subsequent release of phosphorus is a sim-
ilar decomposition process that releases organic nitro-
gen. 
The phosphorus in fertilizer reacts rapidly with 
soil, drastically limiting its movement. Most of the 
surface-applied phosphorus remains in the top two or 
three inches of soil unless mixed by tillage. The loss 
of phosphorus by leaching is negligible. Erosion and 
harvested crops are the principal means of depleting 
the phosphorus supply in the soil. For a detailed dis-
cussion of phosphorus fertilizer see Fact Sheet No. 
250 entitled "Fertilizer Facts." 
Note: The phosphorus deficiencies of corn are 
characterized by slow, stunted growth and dark green 
color. Sometimes the lower leaves and stems will ap-
pear to be violet or purple in color. 
Potassium 
Most South Dakota soils are relatively high in 
total potassium ( 40,000-60,000 pounds K:!O per acre 
in the plow layer). Available potassium, as measured 
by SDSU soil tests, represents about .5 to 2.0% of the 
total amount in an average soil. It includes the potas-
sium in the soil solution and also that which is ex-
changeable. The latter is absorbed on the surfaces of 
the clay particles and is easily dislodged in to the soil 
solution. 
There is a constant balance between the amount 
of potassium in solution and that on the exchange 
surfaces of the soil particles. When potassium is ab-
sorbed by plants from the soil solution, some of the 
potassium from the exchange positions moves into 
~he soil solution until the balance again is established. 
On the other hand, when water soluble potassium fer-
tilizers are applied, the reverse occurs. For a detailed 
discussion of potassium fertilizers see Fact Sheet No. 
250 entitled "Fertilizer Facts." 
Note: Potassium deficiency symptoms of corn in-
clude a slower rate of growth. The greater or pro-
longed deficiencies result in leaf edges and tips be-
coming dry and scorched, with the rest of the leaf 
showing yellowish strips. The lower leaves are affect-
ed first. Stalk lodging in corn also may be greater 
where potassium deficiencies exist. 
Zinc 
Zinc content of soils ranges from 20-600 pounds 
per acre,' but like the other nutrients, much of it is 
.unavailable to plants. Zinc does not leach from soils 
and that which is returned in residue remains near 
the surface. Therefore, zinc deficiencies usually are 
associated with soil that is severely eroded or where 
subsoil is exposed due to leveling for irrigation or 
terracing. Corn seems to exhibit zinc deficiencies 
more frequent! y than other crops in South Dakota. 
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Corrective measures include soil applications of 
non-chelated forms of zinc such as zinc sulfate, or the 
chelated forms. Application rates should vary from 
three to 12 pounds of actual zinc in non-chelated 
forms, to somewhat lower rates of chelated sources. 
Note: Zinc defident young corn plants develop 
pale yellow strips on each side of the midrib of lower 
leaves. These yellow strips start on or near the base 
of the leaf. Later, leaves may become reddish-bronze 
in color and may eventually die. Shortening of inter-
nodes and stunting also occurs. 
TIME AND METHOD OF APPLICATION 
Once the need for fertilizer has been established, 
the next question is how and when to apply the fer-
tilizer. There are a number of choice available and 
no one method is necessarily the best. In fact other 
considerations, such as cost of fertilizer, labor effi-
ciency or availability of equipment, might well be 
the deciding factor. Phosphorus and potassium must 
be applied at or before corn planting time for best 
results. This assures adequate incorporation with the 
soil, which is vitally important if crops are to get maxi-
mum benefit from fertilizers applied. Nitrogen, on 
the other hand, can be applied before or after planting. 
Fall and Spring Pre-plant 
Tests fail to show any significant difference in 
corn yield between fall and spring applied fertilizer. 
Where fall plowing is a common practice the ferti-
lizer can be applied prior to or during plowing, espe-
cially when phosphorus or potassium are concerned, 
because both of them need to be incorporated in the 
soil for maximum fertilizer efficiency. Nitrogen can 
also be applied in the fall with little fear of leaching 
except when abnormally high rainfall or sandy soil 
conditions occur. There is some danger of losing ni-
trogen by volatilization when using nitrogen prod-
ucts containing urea or free ammonia; consequently, 
it is advisable to incorporate these materials into the 
soil soon after application. There may also be price 
advantages for fall purchased fertilizer. Fertilizing 
just prior to or during deep tillage (plow depth) is a 
good practice. This helps minimize nutrient loss 
caused by surface erosion. 
Starter 
Young seedlings frequently lack normal vigor 
early in the spring .when ~ool wet soil conditions ex-
ist. Fertilizer placed close to the seed stimulates early 
plant growth. This early vigorous start when accom-
panied by adequate moisture or rainfall during grow-
~ng season can mean additional yield and/ or earlier 
-
maturity. South Dakota research has not shown con-
sistent yield increases from starter fertilizer use on 
corn; nevertheless, many operators include starter 
fertilizer in their production program. Starter fertiliz-
ers containing N-P-K in the following ratios or others 
similar to these (1 :4:0 or 1 :4:2), arc well suited for 
South Dakota. Additional nitrogen is usually needed 
and can be applied as preplant or sidedress. 
Starter fertilizers may be placed in one of three 
categories, depending on location relative to that of 
the seed: (1) split-boot, (2) band, (3) with seed (pop-
up). Early planter attachments were equipped with 
a split boot device; however, this type of attachment 
is seldom used today. The most commonly used starter 
attachment is the band placement which positions the 
fertilizer 1 to 2 inches to the side of the seed and 
slightly below. Fertilizer placement with the seed 
(pop-up) is a more recent concept. Limited South 
Dakota research shows this method of applying start-
er fertilizer to be equal to or slightly better than that 
of band placement. Since excessive fertilizer salts can 
damage seed germination, it is important to apply 
very low fertilizer rates when placing it with the seed. 
Total N + K actual plant food should not exceed 8 
pounds per acre in 40-inch rows and 12 pounds per 
acre in 30-inch rows. Fertilizers with plant food ratios 
of 1-4-0, 1-3-0, 1-4-2, and so on are excellent for use 
as pop-up. 
Sidedressing 
Sidedressing is a method of applying additional 
nitrogen fertilizer between the corn rows after the 
C!Orn is planted. It frequently is used in combination 
with a starter fertilizer containing other needed nu-
trients. Corn can be sidedressed with gaseous, liquid 
or dry forms of nitrogen fertilizer from the time it is 
planted until it no longer is possible to get into the 
field. For maximum response from nitrogen fertilizer, 
however, corn should be sidedressed before it is 12 
inches high. It may be done while cultivating or as a 
separate application. 
SPECIAL PROBLEMS 
Fertilizing Listed Corn 
Listed corn presents some unique fertilizer prob-
lems. A program of broadcasting fertilizer and plow-
ing it under that might work for surface planted corn 
is ineffective for listed corn because plowing normally 
does not precede listing. The action of the lister mold-
boards would place the fertilizer in the ridge where 
it is relatively unavailable. This is particularly true 
for phosphorus, which moves very little in the soil 
during one growing season. 
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There are fertilizer attachments on the market 
designed for use on a lister. These attachments place 
the fertilizer to one side and below the seed. They 
work well on coarse textured soils but apparent! y are 
troublesome on the more clayey soils. 
The use of these attachments is encouraged be-
cause they place the fertilizer at or below seed level 
where it is readily available to the young corn plants. 
Many listers are equipped with fertilizer boxes 
but without placement equipment. With this sys-
tem the fertilizer is applied just ahead of the covering 
discs and is mixed with the seed and soil. There is 
some danger of germination damage if fertilizer 
comes in contact with the seed when it is applied in 
this manner. Despite these objections, this may be the 
most practical method of applying limited amounts 
of phosphorus and potassium on clay type soils. 
Nitrogen fertilizer can be sidedressed on listed 
corn either as a separate operation or with a fertilizer 
attachment on the cultivator. 
Fallow and Corn 
It long has been recognized that corn on fallow 
land fails to make vigorous growth early in the sea-
son. The reason for this early suppression of growth 
is not fully understood. 
Recent tests in South Dakota, however, show that 
banding phosphate at planting time, can eliminate 
the early growth suppression on fallow even when 
soil phosphorus levels are high. 
Post emergence fertilizer applications of phos-
phate and potash seem ineffective. 
Recommendation: Apply 30-40 pounds of phos-
phate ( PiOr,) per acre as a starter fertilizer when 
growing corn on fallow land. Broadcasting the phos-
phate fertilizer is not recommended. 
Phosphorus-induced Zinc Deficiency 
Under certain conditions (low to medium zinc 
levels in the soil and/ or high soil phosphorus levels) 
the use of phosphorus as a starter fertilizer has in-
duced zinc deficiency in corn. Phosphorus used as a 
starter should be based on soil test recommendations. 
Recommendation: Band phosphorus at seeding 
time, when justified by a soil test, at rates not to ex-
ceed 30 pounds PiQ.; per acre except on very low P 
testing soils. 
RATES OF FERTILIZER APPLICATION 
Profitable fertilizer use is dependent on climate, 
soils, level of management practices used and yield 
<lesired. These factors vary widely in South Dakota. 
For that reason corn fertilizer recommendations 
shown in Figures 1, 2, 3, etc., are based on yield po-
tentials. 
Nitrogen 
Nitrogen fertilizer recommendations are based on 
the soil organic matter as determined by a soil test 
(Figure 1) and the yield potential desired. The actual 
nitrogen recommendation is shown in Figure 1. It is 
a basic recommendation for a continuous cropping 
system that does not include adjustments for legumes 
or the use of manure. 
Here is an example of how a recommendation is 
made. Let's assume that you are farming in an area 
with a corn production potential of 60 bushels. Your 
rotation contains no legumes and the soil test for 
organic matter is 2.2% . The 2.2% organic matter is 
in the low range (Figure 1); therefore, the nitrogen 
fertilize recommendation (Figure 2) for a low soil 
test in the 60-bushel area is 60 pounds of nitrogen. 
Both legumes and manure will add nitrogen to 
the soil and it is necessary to adjust the basic nitrogen 
recommendation downward if legumes have been 
used in the rotation or manure has been added to the 
soil. Guidelines for adjusting the nitrogen recommen-
dations are discussed in Agronomy Pamphlet 31 as re-
vised December 1964, entitled "Explanation of Soil 
Test Recommendations." 
Phosphorus 
The recommended rates of application for phos-
phorus depending on yield level are given in Figure 2 
for corn production. 
Phosphorus generally is not recommended for 
areas with a production potential of less than 40, bush-
els, except on very low testing soils. The recommenda-
tions are given in pounds of phosphate (P:!0:-. ), which 
is the common way of referring to phosphorus, and 
in pounds of phosphorus (P), which is a newer 
method. 
Potassium 
The recommended rates of application for po-
tassium, also based on yield potential, are given in 
Figure 3. Rates are given as pounds of potash (K:!O) 
which is the common way of referring to potassium, 
and also as pounds of potassium (K) which is a newer 
methocd. 
Fertilizer for Irrigated Corn 
Since yield potentials under irrigation would be 
considerably higher than for dryland conditions, fer-
tilizer recommendations also would be higher. The 
nutrient ratio of the recommendations, however, 
would not differ essentially. Thus a recommendation 
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would simply involve selecting fertilizer rates rec-
ommended for higher yield potentials. 
Zinc 
The recommended rates of application for zinc, 
also based on yield potential and soil test levels, are 
given in Figure 4. Recommended rates in Figure 4 
are expressed as pounds of actual plant food ( ele-
mental) per acre to be applied. 
Table 1. Nitrogen Rate Recommendations 
Yield Potential 
Bu. IA. 
140 
120 
100 
80 
70 
60 
50 
40 
30 
N. Soil Test Recommendation 
% Organic Matter Lbs. N./ A. 
Lessthan2.0 175 
2.1-3.0 160 
3.1-4.0 145 
4.1-up 130 
Less than 2.0 150 
2.1-3.0 135 
3.1-4.0 115 
4.1- up 105 
Less than 2.0 125 
2.1-3.0 110 
3.1-4.0 95 
4.1-up 80 
Less than 2.0 100 
2.1-3.0 85 
3.1-4.0 70 
4.1-up 55 
Less than 2.0 85 
2.1-3.0 70 
3.1-4.0 60 
4.1-up 45 
Less than 2.0 70 
2.1-3.0 60 
3.1-4.0 50 
4.1-up 40 
Less than 2.0 55 
2.1-3.0 50 
3.1-4.0 40 
4.1-up 0-35 
Les than 2.0 45 
2.1-3.0 40 
3.1-4.0 30 
4.1-up 0-25 
Less than 2.0 35 
2.1-3.0 30 
3.1-4.0 25 
4.1-up 0 
Table 2. Phosphorus Rate Recommendations 
Yield Potential 
Bu./ A. 
100-140 
55- 80 
40- 50 
P. Soil Tesl 
Lbs. P. / A. 
0- 5 
6-15 
16-40 
41-up 
0- 5 
6-15 
16-25 
26-up 
0- 5 
6-15 
16-25 
26-up 
*Recommendation 
Lbs. P20" (or P.) / A. 
90 ( 40) 
60 (26) 
45 (20) 
0 
60 (26) 
45 (20) 
30 ( 13) 
0 
45 (20) 
30 ( 13) 
0 
0 
-
Table 3. Potassium Rate Recommendations Table 4. Zinc Rate Recommendations 
Yield Potential 
Bu./A. 
100-140 
55- 80 
40- 50 
K. Soil Test 
Lbs. K./ A. 
0- 80 
81-150 
151-250 
251-up 
0- 80 
81-150 
151-250 
251-up 
0- 80 
81-150 
151-up 
-up 
*Recommednation 
Lbs. K20 (or K.) / A. 
100 (83) 
60 (50) 
40 (33) 
0 
60 (50) 
40 (33) 
30 (25) 
0 
40 (33) 
30 (25) 
0 
0 
Yield Potential 
Bu./ A. 
100-140 
55- 80 
40- 50 
Zinc Soil Test 
Low 
Low 
Low 
*Recommendation 
Lbs. Zn./A. 
10-20 
5-20 
5-20 
*Apply once each five to six years unless it is established zinc deficiency 
continues to limit yield. 
*More effective re,ults may be obtained if 10-15 pounds per acre of this ' 
total plant food are applied as a ,tarter. 
Issued in furtherance of Cooperative Extension Work, Acts of May 8 and 
June 30, 1914, in cooperation with the United States Department of 
Agriculture. John T. Stone, Dean of Extension, South Dakota State 
University. 
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